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INTRODUCTION
The breathing pattern of newborn infants -especially those born prematurely -is inherently unstable, displaying frequent apneas that can result in bradycardia and desaturation, leading to a significant increase in morbidity and mortality (24, 32, 35, 57) . Similarly, the breathing pattern of newborn rodents tends to display variability in early postnatal life (10, 33) , and increasing ambient temperature (T A ) (and thus T B )
further destabilizes the breathing of both infants and newborn rodents (10, 19, 46) . Although changes in rate of CO 2 production likely contribute to this effect, data related to temperature-dependencies within the respiratory control system that could contribute to the destabilizing effect of warming on neonatal breathing are lacking. The stability of breathing (especially in the absence of wakefulness drive) is dictated by the co-dependent nature of blood gas fluctuations, the negative feedback provided by the central and peripheral chemoreceptors, and the magnitude of the resulting ventilatory response (22). It follows that in newborns, temperature-dependent changes in the responsiveness of either central or peripheral chemoreceptors to fluctuations in PCO 2 could potentially contribute to the temperaturedependency of their ventilatory stability.
In adult animals, the overall ventilatory sensitivity has a temperature dependency (3, 39, 47) . In neonatal animals the data are far from clear (41, 49) . Most studies have used relatively long periods of gas exposure, during which the ventilatory response to CO 2 is not only influenced heavily by secondary effects (e.g. changes in T B ), but also represents the combined inputs from both peripheral and central chemoreceptors to the respiratory controller, making it difficult to assess the independent contribution of the peripheral chemoreflex. Indeed, the stability of eupneic ventilation in newborns might rely more heavily on carotid body inputs to the respiratory controller; the carotid bodies have been shown to have a well-developed CO 2 response at birth (7, 9, 11, 13) and (at least in adults) have been shown to be important determinants of eupneic breathing and arterial PCO 2 homeostasis (4, 20, 27, 36) . Few studies, however, have attempted to characterize the carotid body responsiveness to CO 2 in intact, unanesthetized newborn rodents.
This study first set out to characterize the breath-to-breath dynamics of the hypercapnic ventilatory response in newborn rats that, much like newborn human infants, demonstrate marked ventilatory instability. We wanted first to define the domain of the ventilatory response owing predominantly to the activation of the peripheral chemoreflex. Subsequently we addressed two hypotheses: 1) that warmer body temperatures in newborn rats increase the peripherally-mediated hypercapnic ventilatory response, and 2) that temperature-dependent changes in the strength of the peripherally-mediated CO 2 response contribute to the temperature-dependency of neonatal ventilation, an effect that has been previously attributed to changes in metabolic rate (10) . While our results support the first hypothesis, these data also demonstrate a marked effect of T B on the total hypercapnic ventilatory response (i.e. that comprised of both peripheral and central chemoreflex loops). The relative contributions of metabolic CO 2 production and the hypercapnic ventilatory response to the T B -dependent changes in ventilatory stability in early postnatal life are discussed.
MATERIALS AND METHODS

Animals
Experiments were performed on male and female Sprague Dawley newborn rats, aged P4-P5 (P0 = day of birth). Dams were provided food and water ad libitum and were housed with a 12hr light-dark cycle at a T A of 21-23°C. All experiments were approved by the La Trobe University Animal Care Committee and are in compliance with national guidelines.
Overview of Experimental Design
Initially, a large group of pups was tested at a T B of 33 o C (n=32; 4 litters) to test the a priori hypothesis that the hypercapnic ventilatory response of newborn rat pups is influenced by gender (gender had no effect -see Results). Three subsequent litters of animals (mixed gender) were split into three groups:
). These animals were used to test the a priori hypothesis that temperature-dependent changes in ventilatory stability are related to temperature-induced changes in the peripherally-mediated hypercapnic ventilatory response. Animals from the Cool group were tested (in a randomized fashion) with both normoxic and hyperoxic hypercapnia to define the domain of the hypercapnic response elicited predominantly by the peripheral chemoreceptors (PCR response).
Others have reported that normal body temperature of P5 rat pups taken from the nest to be ~35 o C (16, 51) and that this is achieved when pups are held at thermoneutral T A , or ~33 o C (see 39). Thus, we refer to pups held within the thermoneutral zone as 'TNZ' animals. We did not study the V E of animals held at hyperthermic T B because breathing became markedly periodic, displaying prolonged apneas followed by periods of hyperventilation. This made it difficult to accurately measure the breath-to-breath V E responses of individuals to square-wave CO 2 challenge.
Details of Experimental Set-up
The experimental set-up we used for measuring ventilation and metabolic rate in newborn rats is a modification of a previously described setup (29), and is shown in Fig. 1 . Modifications were made for the purposes of delivering near-square wave CO 2 challenges. The animal chamber (volume ~ 40 mL) was constructed from a water jacketed glass cylinder. Both T B and T A were continually monitored using fine thermocouples (Omega Engineering, Stamford, CT) inserted through holes in a 50 ml syringe thermoplastic elastomer gasket (Terumo Medical Corp., Japan) that fitted and sealed the back of the chamber. T A in the chamber was maintained using a programmable water bath (accurate to 0.05 o C) that circulated water through the walls of the animal chamber. To achieve the desired T B (± 0.5 o C), the water bath was set to hold T A about 1.5 -2.0°C lower than T B . V E was measured with the aid of a mask, constructed from a short piece of polyethylene tubing of ~1cm in diameter -offering little resistance to breathing -fixed over the snout of the animal (to a level just caudal to the eyes) with non-toxic polyether dental material (Impregum F, Polyether Impression material, ESPE). The open end of the mask was inserted through the center of the convex side of another 50 ml syringe gasket and kept flush with the concave surface of the gasket. A 20 ml syringe gasket was subsequently sealed into the concave side of the 50 ml gasket, forming a chamber of small volume that connected via the mask to the animal airways.
Two ports were fitted to this small chamber. A pneumotach was connected to the low resistance inlet port while a downstream pressure-buffered peristaltic pump connected to the outlet port pulled gas through the mask at a flow of 90 mL min -1 , the gas subsequently passing through a drying column (5ml packed volume) before entering the gas analyzers. In this way, the resistance downstream of the mask was infinite, and all flow related to breathing was directed through the upstream pneumotach. The flow rate was sufficient for rapid washout of gas from the small mask chamber such that it could be treated as a firstorder linear system (delay time from inlet to mask ~ 1 sec, time constant ~ 1 sec, time to 95% washout 3 sec, equivalent to 5-6 breaths; see Fig 1) with minimal pressure change (< 0.5 cm H 2 O).
Gases were mixed with a Wosthoff pump. A square-wave change in the required gas mix was achieved by placing the inlet port of the small mask chamber into the larger bore outlet tube from the Wosthoff pump (flow ~ 300 mL min -1 ); this also precluded any detectable pressure change within the mask.
Ventilatory and metabolic measurements
Inspiratory and expiratory airflows were detected by connecting both side-arms of the pneumotach to a kg -1 ).
Gas was pulled through a small, vertical column of Drierite (Drierite, Hammond Drierite) before being analyzed for the fractional concentrations of CO 2 and O 2 by the gas analyzers (Powerlab, ADInsruments 
Protocols
At commencement of an experiment, a pup, fitted with a mask attached to the head chamber was placed in the water-jacketed animal chamber, the head chamber and mask restraining the pup in position. To ensure equilibration of T B with T A , animals in the TNZ, Cool and Cold groups were allowed to settle for [15] [16] [17] [18] [19] [20] min prior to experimentation. After this period, a recording was made of V E and metabolic rate, followed by a 1 min, near-square wave challenge of 8% CO 2 in air. The Cool group was also used to determine the domain of the ventilatory response owing predominantly to the activation of the peripheral chemoreflex:
following the initial settling period, each animal was given a 1 min challenge of 8% CO 2 in normoxia (20% O 2 , balance N 2 ) and hyperoxia (90% O 2 , balance N 2 ), in a randomized order, with 2 min of room-air (21% O 2 , balance N 2 ) between tests. To assess whether V E after 1 min of CO 2 exposure was representative of the maximum, steady-state hypercapnic response, some animals (Cold: n=5; TNZ: n=3) were also exposed to 5 min of CO 2 challenge. As a control we also exposed some animals (n=14) to a square-wave of 0% CO 2 in normoxia.
During all experiments, pups were continuously observed through the glass chamber; quiet breathing (i.e. no gross movements of the animal) was a requirement prior to the introduction of the square-wave challenges. If gross movements were observed, the CO 2 exposure was immediately terminated and the animal was given 2 min of room air recovery prior to re-testing.
Data and statistical analysis
Data are presented as means ± SE. Baseline (room-air) data are presented as an average of the last 30 breaths prior to CO 2 exposure. Ventilatory responses to CO 2 -air and CO 2 -hyperoxia are presented as both average breath-to-breath data as well as average 2 sec epochs. Ventilatory responses to CO 2 -air at each body temperature are presented as breath-to-breath data. The immediate ventilatory response (PCR response) was analyzed in two ways. First, a 2-factor, repeated measures ANOVA was used to compare the between-and within-treatment changes in V E , f B and V T over the initial breaths (i.e. factor 1: CO 2 -air vs. CO 2 -hyperoxia, or temperature; factor 2: breath number). Second, for each animal in each T B group we calculated the slope of the PCR response between breaths 3 and 10 (roughly linear part of the response) and compared the slopes obtained for TNZ, Cool and Cold groups using a 1-factor ANOVA. The total response (i.e. steady-state V E response) of each animal was measured during the final 20 breaths (or about 15 seconds) of the 1 min CO 2 challenge. Effects of oxygen level and temperature on the total response were assessed using a 2-factor repeated-measures ANOVA on raw data or a 1-factor repeated-measures ANOVA on data expressed relative to baseline, room-air V E .
Breathing stability was assessed by measuring the co-efficient of variation in V E (V E CV%) during the baseline period preceding CO 2 challenge. Effects of temperature on V E CV% were determined with a 1-factor ANOVA; in addition, the total CO 2 response, PCR response, and VCO 2 were included in the statistical models as covariates to assess the independent contributions of these variables to V E CV%.
Regression analysis was also used to characterize the relationships between the dependent variables.
ANCOVA was also performed to assess the independent contributions of T B , the total response, PCR response, and VCO 2 to breathing stability. Tukey's post hoc tests were performed when significant effects were found. Effects were considered significant at P< 0.05.
RESULTS
Comparison of male and female ventilatory response to CO 2 (Initial group, T B = 33°C)
We wanted to ensure gender would not be a confounding factor on our findings, so we first analyzed the breath-to-breath characteristics of the hyperventilatory responses using 16 male and 16 female pups. There was neither a difference between genders with respect to the slope of the initial ventilatory response
[ANOVA on the slope of the PCR response between breaths 3 and 11 (the 11 th breath being the peak of the initial response in this group of animals): P=0.823 (not shown)], nor on the total response: steady-state V E in males and females was increased over baseline V E by an average of 50.1 ± 10.1% and 46.0 ± 8.5%, respectively (P=0.69).
Effect of body temperature on room air ventilation and metabolism (littermates: T B =35°C, 33°C, 30°C)
Mean ventilatory, metabolic and body temperature data for each group (Cold, Cool, TNZ) in air are shown in Thus, the ventilatory response to CO 2 is blunted by hyperoxia over the initial 10 breaths of the challenge, suggesting that in newborn rats at P4-5, this domain is dominated by activation of the peripheral chemoreceptors, while the central chemoreceptors (along with the peripheral chemoreceptors) contribute to the increase in V E from breaths 10 and beyond.
Effect of temperature on the dynamic and steady-state ventilatory responses to CO 2 (littermates: T B =35°C, 33°C, 30°C)
We compared the animals in the TNZ, Cool and Cold littermates with respect to their breath-to-breath ventilatory responses over the 1 min of CO 2 challenge (Fig. 4) . Unexpectedly, the ventilatory response showed considerable oscillation over time, regardless of body temperature. Body temperature did appear to have an effect on the initial ventilatory response to CO 2 (note early response in Fig. 4) . Indeed, the PCR response was markedly enhanced in the TNZ group relative to the hypothermic groups (overall effect of temperature: P<0.001; temperature x breath interaction: P=0.005; Fig. 5A ). This is also reflected by a relative increase in the slope of the response of TNZ animals from breath 3-10 compared to the hypothermic groups [(P=0.03; TNZ: 7.1 ± 1.8%; Cool: 2.2 ± 0.9%; Cold: 3.5 ± 1.1%; Fig. 5A ); slope expressed as the % increase in V E from baseline per breath]. This effect was owing to significant increase in the responsiveness of f B in the TNZ group (CO 2 x temperature effect on frequency: P=0.002; Fig. 5B ), while V T responses were the same between groups (CO 2 x temperature effect on V T : P=0.68; Fig 5C) . Of note, despite a larger difference in T B , there was no significant difference in the PCR response between
Cool and Cold animals (Fig. 5A ). An introduction of 0% CO 2 in normoxia had no significant effect on V E (not shown).
All three groups experienced an increase in steady-state V E during CO 2 inhalation (P<0.001; It was important to ensure that our 1 min of challenge was sufficient to fully activate the central chemoreflex, so we examined the hypercapnic ventilatory responses of some animals over 5 min of CO 2 exposure. Although there was a slight, significant increase between min 1 and 2 of CO 2 exposure (2-factor, repeated measures ANOVA: P=0.045; Fig. 6E ), the change was small and V E did not change further from min 2-5; thus we are reasonably confident that our total response taken at 1 min well-represents the combined responses of peripheral and central chemoreflexes.
In sum, raising the T B of newborn rats into the thermoneutral zone enhances the initial, peripheral chemoreceptor-mediated ventilatory response to CO 2, an effect mediated through an increase in breathing frequency. The stimulatory effect of increasing T B on the frequency response persists into the steady-state, and is translated into an increase in the total (steady-state) V E response relative to slightly hypothermic conditions.
Effect of temperature on breathing stability
The stability of V E in each group was calculated during the baseline period immediately preceding CO 2 challenge and is expressed as the co-efficient of variability of V E (V E CV% Fig. 7A ). Thus, similar to the CO 2 response, on average there was little effect on stability of decreasing T B below 33°C. Although we did not use a systematic repeated-measures approach, the effect of temperature on stability is exemplified during the equilibration period of two animals:
progressively warming one animal leads to more frequent augmented breaths and apnea (Fig. 7B ).
We performed linear regressions to assess the potential influences of the hypercapnic V E response and metabolic CO 2 production on the T B -dependency of V E stability (Fig. 8) . Included in this analysis were the PCR response (i.e. the slope of the ventilatory response from breaths 3-10), the total response (i.e.
the combined influence of the peripheral and central chemoreflex loops at steady-state conditions) and VCO 2 . An analysis of the responses of the initial group of animals (T B =33°C; used to test the hypothesis that gender had an influence on the hypercapnic ventilatory response) revealed no significant effect of the PCR response, total response, or VCO 2 on the degree of breathing instability (total response vs. V E CV%: R 2 =0.03; P=0.39; Fig. 8A Fig. 8D )
The lack of a significant relationship between V E CV% and the strength of the hypercapnic ventilatory responses in the initial group (T B =33°C) suggests that the relationships between breathing stability and VCO 2, the PCR response and the total response (as described in TNZ, Cool and Cold littermates) might be influenced by the strong, independent effect of T B on stability. To address this possibility, we performed an additional analysis of co-variance using T B as our independent variable and the other dependent variables (VCO 2 , PCR response, total response) as numerical covariates. As expected, this analysis again revealed a strong effect of T B on V E CV% (P=0.008). However, none of our analyses revealed significant effects of our covariates on V E CV%, although it is worth noting that the independent effect of the total V E response approached significance (VCO 2 : P=0.41; PCR response:
P=0.82; total V E response: P=0.08).
Taken together, these analyses indicate that T B has a strong effect on breathing stability that is also associated with changes in VCO 2 and the strength of the total hypercapnic ventilatory response. It appears likely, however, that T B is the dominant determinant of breathing stability.
DISCUSSION
We investigated the effects of mild temperature changes on the dynamics of the hypercapnic ventilatory response and on the stability of the breathing pattern in newborn rats. To this end, we used a novel method to deliver near square-wave challenges of CO 2 to rat pups at postnatal day 4-5 (roughly equivalent to premature infants with respect to development) held at three different body temperatures. CO 2 was first given in a background of hyperoxia to characterize the domain of the hypercapnic ventilatory response elicited mainly by the activation of the peripheral chemoreceptors. Similar to previous findings (10) we have confirmed that the stability of breathing at this developmental stage is highly dependent on T B ; higher T B , even though they are within the thermoneutral zone, markedly destabilize the breathing of newborn rodents. From these data, we conclude that: 1) the ventilatory response to CO 2 over the first 10 breaths is mediated primarily by the peripheral chemoreceptors; 2) compared to slightly hypothermic T B , both the peripherally-mediated and steady-state ventilatory responses to CO 2 are enhanced within the thermoneutral zone; 3) along with changes in metabolic CO 2 production, the total hypercapnic ventilatory response (resulting from the activation of both peripheral and central chemoreflex loops) is related to T B -dependent changes in breathing stability, and 4) T B alone appears to exert a dominant influence on stability independently of metabolic rate or chemoreceptor gain.
Comparison of baseline ventilatory and metabolic data
The experiments performed on our intitial group of animals (T B =33°C) showed that gender had no effect on the dynamic or steady-state ventilatory responses to CO 2 . This implies that previously described effects of gender on the hypercapnic ventilatory response in adults are likely not owing to inherent differences within chemosensitive elements that exist from birth, but to the developmental effects of sex steroids on either central or peripheral chemoreceptors (5, 30, 55) .
The changes in VO 2 with T B are similar to previously published data (41, 42) . A considerable thermogenic response occurs during room air breathing at T B of 30°C and 33°C, while 35°C is close to the normal T B previously reported for P5 rats (~35.5°C (16)). The T A used to achieve this T B (~33°C) therefore appears to be within the thermoneutral zone of these animals. The values obtained for baseline V E are similar to those previously reported (49, 53) . While overall there was no significant effect of T B on the matching of V E to VO 2 , it is noteworthy that the V E of Cold animals was no different than the V E of TNZ animals. Although the reason for this cannot be gleaned from the current data, the most parsimonious explanation is that inhibitory effects related to Q 10 partially counter-act the stimulatory effects of thermogenesis on breathing, as has been shown in previous studies (10, 56) .
Peripherally-mediated domain of the hypercapnic ventilatory response
We wanted to characterize the domain of the hypercapnic ventilatory response that was predominantly influenced by the peripheral chemoreceptors whilst avoiding the trauma and secondary effects associated with carotid sinus nerve denervation. Our goal with this experiment was not to precisely quantify the peripheral and central chemoreflex contributions to the hypercapnic ventilatory response in the newborn rat, but rather to resolve the domain of the response owing predominantly to activation of the peripheral chemoreflex. To this end, we compared the ventilatory responses of pups given square wave challenges of CO 2 balanced with either air or hyperoxia. Notwithstanding the possibility that the carotid body response to CO 2 is not completely eliminated by hyperoxia (12, 26, 31, 37) , acute hyperoxia should preferentially reduce the carotid body response to CO 2 given the unique interaction between O 2 and CO 2 on the carotid body chemoreceptors (37) . Our results suggest that in the first 10 breaths of CO 2 challenge (in air), the peripheral chemoreceptors provide the dominant influence to the ventilatory response. These data are similar to those from other studies using newborn rats at P5 (15), lambs (48) , and dogs (8) . Interestingly, in contrast to our results and others (43, 49) , Coates et al. (15) found no contribution of tidal volume to the hypercapnic ventilatory response of P5 rat pups. However, our data are similar to that of Coates et al. (15) in that the dominant contribution to the hyperventilation in the initial breaths is the increase in breathing frequency (Fig. 5) ; therefore, discrepancies between studies are likely owing to differences with respect to the dynamics of stimulus presentation. Given this substantive increase in the PCR response, our data suggest the carotid bodies are indeed responsive to CO 2 in early postnatal life and contribute significantly to the dynamics of the ventilatory responses to fluctuations in arterial PCO 2 .
Assuming there were equivalent changes in carotid body and brain tissue PCO 2 between hyperoxic and normoxic groups, these data also suggest that in early postnatal life, the total ventilatory response (mediated by the combined action of peripheral and central chemoreflex loops) is unaltered by hyperoxia.
This was somewhat surprising given that in adults the peripheral chemoreflex exerts considerable influence on both the central chemoreceptor CO 2 sensitivity (6, 54), and may be responsible for 40% of the steadystate ventilatory response to CO 2 (52). That said, without measures of arterial or end-tidal PCO 2 we are not able to determine the precise CO 2 stimulus being presented to the central chemoreceptors. It is possible that the hyperoxia (owing either to an initially dampened V E response or central vasoconstriction)
resulted in a comparatively larger CO 2 stimulus being presented to the central chemoreceptors. Further, the interaction between central and peripheral chemoreceptors appears to be complex in adults (see (21) and references within), and is understood even less in the newborn mammal.
Our system provides the unique advantage of measuring the dynamic ventilatory responses of newborn rodents to near-square wave gas challenges that produce no net change in pressure within the mask. Nevertheless, small changes in temperature and/or humidity upon introduction of the gas may have affected V E by way of nasal and/or laryngeal chemoreceptors (50). Therefore, we also gave some of our animals square-wave challenges of air containing no CO 2 (at the same temperature as the 8% CO 2 challenge), and observed no significant change in V E . We are confident, therefore, that the rapid increase in V E observed upon introduction of the square-wave of 8% CO 2 is owing to activation of the peripheral arterial chemoreceptors.
Effect of body temperature on the dynamic and steady-state ventilatory sensitivity to CO 2 In adults, body temperature has been shown to influence the responsiveness of V E to CO 2 via both peripheral and central mechanisms (14, 17, 39, 40) . Our results indicate that the peripherally-mediated and total hypercapnic ventilatory responses are greater at normal T B (i.e. at thermoneutral T A ) than at slightly hypothermic T B . These findings are in agreement with some, but not all studies examining the ventilatory response to CO 2 in newborn rats. It has been reported that in rat pups of approximately the same age as ours, a fall in T A (and T B ) can increase (41) or decrease (49) the sensitivity of V E to CO 2. Differences in the duration of exposure to CO 2 and/or temperature [e.g. 30 min CO 2 exposure in (49)] probably contribute significantly to differences in ventilatory responses observed between studies.
The persistence of the heightened f B in TNZ animals at steady-state CO 2 may also be owing to the persistence of heightened carotid sinus afferent input to the respiratory controller. Indeed, temperature has been shown to have significant effects on the activity of the carotid and aortic chemoreceptors, at least in adults (25, 34, 44) . An alternative explanation is that T B has an independent effect on central chemoreceptors (28) or enhances the peripheral chemoreflex through a central action (e.g. nucleus of the solitary tract), similar to the effect of temperature on other chemoreflexes in newborns (18) .
Notably, neither the PCR response nor total response was different between Cool and Cold animals. One possible explanation is that the hypercapnic ventilatory responses are in some fashion influenced by the underlying metabolic drive. Supporting this idea are the results from our regression analysis showing that the total ventilatory response to CO 2 is strong when the background metabolic drive is low (Fig. 6F ).
Perspectives and Significance
To our knowledge this is the first study that has attempted to quantify the relative contributions of the peripheral and total hypercapnic ventilatory responses as well as metabolic rate on the breathing stability of newborn rats during T B fluctuations. Previous studies have documented the strong relationship between the increasing chemical drive associated with thermogenesis and the stability of the breathing pattern in newborn rats (10) . Although hinted at by Cameron et al.: "the combination of two sets of factors, the greater chemical stimuli and the lower gain of the feed-back control loops seems a likely mechanism for the lower breathing variability in the cold" (10), direct evidence of an effect on stability by either increasing chemical drive or changes in the sensitivities of the chemoreflexes has been lacking.
Our regression analyses suggest that the total chemoreflex response to increasing CO 2 (and to a lesser extent the PCR response) contributes to the breathing instability observed with increasing T B .
However, our data also suggest that among our independent variables, T B is the main determinant for stability, given that there were no additional effects of either the peripheral or total hypercapnic responses or of metabolic CO 2 production on stability after accounting for the effect of T B . Further, given the relationships between breathing stability and both the total chemoreflex response and VCO 2 (R 2 =0.34 and 0.36 respectively), T B likely influences stability through other components of the respiratory control system or in some interactive manner with metabolic or chemoreflex adjustments. In lambs, the main determinant of periodic breathing appears to be the peripheral chemoreceptor contribution to controller gain during fluctuations in arterial PO 2 (1, 23) , and given the temperature dependent activity displayed by the carotid body in vitro (2) , changes in the sensitivity of neonatal breathing to hypoxia may well contribute to the destabilizing effect of warming in both newborn rats and human infants. Other possibilities include temperature effects on other reflexes that are particularly adept at modulating the breathing pattern at birth, such as the Hering-Breuer Reflex (38) , or on neurons directly responsible for respiratory rhythm generation (45) . Similar to their hypercapnic ventilatory responses, there was no difference in ventilatory stability between Cool and Cold animals. Although we have no obvious explanation for this, it may be that there exists inherent instability within the respiratory controller that remains insensitive to further hypothermia. Alternatively, a unique interaction may exist between metabolic drive and chemoreflex gain that limits instability with warming within this T B range.
The salient finding of this study is that T B has a strong influence on breathing stability as well as the strength of the peripheral and total hypercapnic ventilatory responses of P4-5 rat pups. The exquisite sensitivity of ventilation in newborn mammals (including humans) during T A or T B fluctuations probably owes to the cumulative effect of temperature on a variety of physiological processes including (but not limited to) gaseous metabolism, the strength of the chemoreflexes, and other prominent reflexes controlling breathing during the early postnatal period. 
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